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Abstract

Palliative care is an interdisciplinary approach to improve the quality of life
for patients and their families, at all stages of a serious illness. This approach
is accomplished by managing symptoms of distressing conditions such as pain
and dyspnea. Refractory dyspnea is a debilitating symptom of an advanced
pulmonary and cardiovascular disease that is characterized by difficulty in
breathing persisting at rest or with minimal exertion, despite optimal therapy of
the underlying condition. Opioid use has been well documented in this setting;
however, hesitancy remains when prescribing opioids until the terminal stages
of the disease. Dyspnea can be the result of a variety of advanced underlying
conditions such as cancer, COPD, and Congestive Heart Failure (CHF), The
palliative treatment models can be more efficacious in certain diseases. This
article will review the current evidence of opioid use for the treatment of refractory

dyspnea in the advanced conditions of COPD, cancer and CHF, separately.
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Introduction

Palliative care is an interdisciplinary approach to improve the
quality of life for patients and their families, at all stages of a serious
illness. This approach is accomplished by managing symptoms of
distressing conditions such as pain and dyspnea [1,2]. Refractory
dyspnea is a debilitating symptom of an advanced pulmonary and
cardiovascular disease that is characterized by difficulty breathing
persisting at rest or with minimal exertion despite optimal therapy
of the underlying condition. [3] The incidence of dyspnea increases
in the last three months before death [4]. Dyspnea is often poorly
controlled despite numerous potential interventions. One systematic
review evidenced that breathlessness was experienced by more than
90% of patients with advanced COPD and more than 60% in patients
suffering from advanced heart disease. [5]Additionally, according
to Elkington and colleagues’ retrospective study, only half of the
patients with the Chronic Obstructive Pulmonary Disease (COPD)
with dyspnea, had partial relief of breathlessness [6].

The definition of dyspnea has recently been divided into
breakthrough or episodic and continuous dyspnea [7,8].Episodic
breathlessnessis “characterized by a severe worsening of breathlessness
intensity or unpleasantness beyond usual fluctuations in the patient’s
perception” [9]. Episodic breathlessness can occur periodically for
seconds to hours regardless if a patient has continuous dyspnea or
not [9]. These terms have historically been used similarly to describe
dsypnea in general; however, future understanding of these distinct
patterns of dyspnea may lead to different clinical management.

Opioid use, especially morphine, has been well documented
in refractory dyspnea; [10] however, prescribing opioids until the
terminal stages of the disease remains a hesitancy [11]. This may be

secondary to the lack of practice guidelines and consensus statements
by professional societies, concern of opioids’ ability to hasten death as
a result of the respiratory depressive effects, and the subjective nature
of dyspnea[12,13]. Dyspnea can be the result of a variety of advanced
underlying conditions such as cancer, COPD, cancer, and Congestive
Heart Failure (CHF). A study by Currow and colleagues investigated
the progression of breathlessness in different advanced conditions
(primary lung cancer, secondary lung cancer, heart failure, end-stage
pulmonary disease, and no identifiable cardiorespiratory cause) as
5,862 patients neared death. Dyspnea was observed to be significantly
greater in those groups with non-cancer diagnoses at 53-60, 23-30,
and 0-7 days before death (P<0.001). It was also noted in that dyspnea
increased significantly (P<0.001) for patients with cancer at days 10
and 3 before death [14].

The palliative treatment models can be more efficacious in certain
diseases given the breadth of literature. There are more studies
involving opioid use in dyspneic patients with advanced COPD and
cancer than with CHF. This article will review the current evidence
of opioid use for the treatment of refractory dyspnea in the advanced
conditions of COPD, cancer and CHF, separately.

Pathophysiology of dyspnea

The pathophysiology of dyspnea is complex and requires more
studies to fully elucidate the mechanism(s) of this condition. In the
early stages of dyspnea pathophysiology, there is an apparent or
perceived imbalance between the oxygen demand and the body’s
ability to supply or ventilate oxygen appropriately [13]. In the
neurobiological model, airflow adequacy is monitored by somatic,
proprioceptive and bronchopulmonary afferent neurons in the upper
and lower respiratory tract, skin, and musculature to provide negative
feedback to the Central Nervous System (CNS) via afferent signals.
Absence or diminution in signals to the CNS results in a mismatch
with the outgoing medullary respiratory motor efferent impulses
to unconsciously control relaxation and contraction of respiratory
muscles [3,13,15]. This mismatch between afferent and efferent
impulses results in an urge and conscious effort to breathe. In later
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stages of dyspnea, lack of oxygenation induces anaerobic metabolism
to produce lactic acid, which can decrease blood pH and is a stimulant
for respiratory effort [13].

Neuroimaging studies with positron emission tomography and
functional magnetic resonance imaging scans are being used to
determine the location in the brain where dyspnea is perceived. It
has been proposed that different pathways exist to process respiratory
sensation. One pathway is the awareness of unpleasantness, which
is mediated by the afferent neurons to right insula and amygdale
[16]. Another pathway is the awareness of intensity. This is carried
from the afferent neurons to the brainstem medulla, then to the
ventroposterior thalamus and finally to the somatosensory cortex
[16].

Clinically, dyspnea can be the result of increased oxygen demand
due to airway obstruction (e.g. COPD, mass lesions, and pulmonary
embolism), a weakness of respiratory muscles to maintain adequate
respirations, and requirements from various conditions such as
anemia in cancer patients and fever [17].

In addition to anatomical causes of dyspnea, emotional and
spiritual stress along with lack of oxygenation evokes panic and
anxiety [3,17]. Anxiety has been correlated with difficulty in breathing,
thus leading to a vicious cycle of respiratory distress [3,18]. Kvaal and
colleagues reported the incidence of anxiety to be higher in patients
with COPD, than with cancer or heart disease [19].

Mechanism of opioids in dyspnea

Opioids are the mainstay in the treatment of dyspnea [20].
Exogenous opioids (e.g. morphine and hydromorphone) work
by mimicking the body’s endogenous opioids (e.g. B-endorphins,
enkephalins and dynorphins). Opioids are thought to bind to three
main receptors (mu, delta, and kappa) that are found both centrally
and peripherally. The number of these receptors and subtype receptors
vary among individuals depending on their genetic make-up [3].
Recent evidence has shed light on the role of endogenous opioids
as a natural mechanism in relieving dyspnea. A trial was conducted,
where 17 patients with COPD underwent exercise treadmill testing.”!
Patients were randomized to naloxone 10mg (an opioid antagonist)
or saline administered intraveounsly. Patients self reported dyspnea
scores. A three-fold increase in -endorphins was observed from the
start of the test to after the 10-minute treadmill test in both groups.
The mean ratings of breathlessness throughout the exercise and
peak ratings of breathlessness were higher in the naloxone group,
suggesting the role of endogenous opioids in decreasing dyspnea [21].

Both animal and human models have shown benefit for using
opioids to treat dsypnea. Coleman and colleagues administered
fentanyl and an endogenous opioid, dermorphin, to rats, which
lead to decreased respirations [22].Upon the co-administration of
naloxone, the decreased respiratory effects were noted to be blocked
with fentanyl, as oppose to dermorphin. This occurred due to
fentanyl having a stronger affinity for mul than mu2 receptors, which
is the receptor that naloxone mainly targets. Dermorphin has similar
affinity for both mul and mu2 receptors.

A meta-analysis involving 18 double-blinded placebo controlled
trials evaluated the use of opioids in patients with dyspnea [23]. In
nine studies, the route of opioid administration was via nebulization,
while in the other nine studies the opioid was administered

either orally or parenterally (most studies involved morphine). A
statistically significant benefit for the use of opioids on the sensation
of breathlessness (p=0.008) was noted. The oral and parenteral routes
were more effective than the nebulized route (p=0.02). A subgroup
analysis failed to evidence a benefit of nebulized opioids; however,
most of these trials had a small patient population [23].

Despite the known fact of opioids suppressing respiration in both
animal and human models, the exact mechanism(s) of how opioids
decrease dyspnea is not fully understood [3,13,24].

According to one theory, opioids work to alleviate dyspnea by
decreasing the respiratory drive. Moreover, opioids can dampen the
chemoreceptors ability in the brainstem to detect hypercapnia and
hypoxia [24,25]. With a decreased respiratory output, due to opioids,
an assumption is made of a decrease in corollary discharge to the
sensory cortex. It is thought that the brainstem sends discharges out
to the motor neurons and a copy of this discharge signal is sent to
the sensory cortex during automatic reflex breathing. In the case of
voluntary breathing, the cortical motor center sends discharges to
the motor neurons and a copy of this signal to the sensory cortex.
This copy of the signal transmitted to higher brain centers is called
the respiratory motor command corollary discharge and results in
the conscious awareness of outgoing motor signals to the muscles
controlling ventilation [25].This pathway has been identified in some
animal models, however, remains under investigation in humans.

Opioids may decrease respirations; however, this is dependent
on the rate at which drug levels rise. Steady state drug levels have
little effect on the respiratory drive [13,26]. Decreasing respirations
would theoretically produce worse blood gasses, leading to dyspnea
exacerbation. Although, yet to be identified in humans, there is
a region in the ventrolateral medulla that generates respiratory
rhythm in several animal models called the pre-Botzinger complex
[26].1t has been suggested that this region contributes to inspiration
and the action of opioids can cause irregular, skipped breaths from
subthreshold action potentials [27].

According to another growing theory, opioids can affect the
central processing of dyspnea. Neuroimaging studies via functional
MRI evidenced how the experience of air hunger was associated with
higher brain centers such as the anterior insular, cingulated gyrus,
and amygdala activation [28].Pattinson and colleagues reported the
urge to breathing scores were decreased in subjects who received
remifentanyl. As a result of this study, it was noted that the urge to
breath was associated with activity in the bilateral insula and frontal
operculum [29].In a small study involving six subjects, the areas
of activity after fentanyl administration, using a PET scan, was the
caduate nuclei, the cingylate, orbitofrontal, and medial prefrontal
cortices [30].Much research remains in this area; however, brain
region activity after opioid administration occurs in similar locales as
areas associated with dyspnea, suggests altering of central processing.

Peripheral mechanism is another theory explaining how opioids
decrease dyspnea. It is believed that opioid receptors are located in the
alveolar walls and in the trachea/ main bronchi [31]. Demonstrated
in dogs and guinea-pigs, opioid agonists inhibit the release of
acetylcholine, which mediate the constriction of pulmonary smooth
muscle and decrease mucus secretion [31]. Further studies need to be
demonstrated in humans.
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Evidence of opioid use for dyspnea in palliative copd patients

Chronic obstructive pulmonary disease is one of the leading causes
of death in the U.S. with a death rate of 40.8 per 100,000 in 2010 [32].
COPD is characterized by unpredictable pulmonary exacerbations,
leading to functional decline and high symptom burden [33].
Dyspnea is the most common symptom of COPD and significantly
impairs the patients’ quality of life and emotional well -being [34].
Despite being optimized on medical management, patients still suffer
from breathlessness [35]. Opioid use in treating dyspnea associated
with COPD was first reported by Light and colleagues in 1989 using
oral morphine solution (0.8mg/kg), which resulted in lower Borg
scores and increased exercise capacity [36]. Since that time a growing
body of evidence has emerged supporting its efficacy.

The first adequately powered randomized study supporting the
use of opioids for symptomatic relief of dyspnea was conducted by
Abernethy and colleagues [35]. Their study involved 48 opioid naive
patients (42 with COPD), who were randomized to four days of 20mg
of sustained release morphine daily, followed by four days of placebo
or vice versa. The primary outcome of the study was sensation on a
visual analogue scale (0 to 100 mm with 100 being the worst possible
breathlessness) on the final day of the treatment period. Thirty-
eight patients completed the study and participants reported better
dyspnea scores in the morphine group versus placebo (6.6mm 95%
CI 1.6 to 11.6mm, P=0.011 in morning and 9.5 mm, 95% CI 3 to
16.1mm, P=0.006 in the evening). Patients in the morphine group also
reported better sleep (P=0.039). This study was not powered enough
to detect differences of side effects, but two participants withdrew due
to nausea, vomiting and sedation in the morphine group.

Efficacy for the use of opioids in treatment of breathlessness,
was established in the previous study and with the systematic review
involving 18 clinical trials by Jennings and colleagues described
earlier [23,35]. The minimum effective dose of sustained release
morphine and long term data on safety and efficacy were unclear,
however. A recent Phase II, open-label pharmacovigilence study
by Currow and colleagues helped establish this information [37].
Eighty-three participants (45 with COPD) were initiated on 10mg
of sustained release morphine daily. The dose was increased by
10mg daily each week to a maximum of 30mg for participants who
failed to respond with the 10mg daily dose. If patients, at the weekly
review, had a 10% improvement in dsypnea over baseline, they
were enrolled in a long-term Phase IV study at their current dose.
Dyspnea intensity improvement was evaluated on a 100mm visual
analogue scale as previously described. Fifty-two participants had
a > 10% improvement in dyspnea over their baseline (average 35%
improvement), making the response rate 62% and number needed to
treat of 1.6 and number needed to harm 4.6. The appropriate dose to
control dyspnea was 10mg daily for 70% of the participants. For the 52
patients who entered the phase IV study a benefit in dsypnea was still
observed in a third of the patients on their current morphine dose.
There were no incidents of respiratory depression, but constipation
increased (P<0.001) despite use of laxatives in the study [37].

The American Thoracic Society, American College of Chest
Physicians and the Canadian Thoracic Society recommend the
use of oral and parenteral opioids in the treatment of dyspnea.
Their recommendations were based on the established trials for
demonstrating efficacy, dose initiation and lack of major adverse
effects, (Figure 1 and Table 1). Nonetheless, the use of nebulized

opioids were not recommended secondary to the lack of insufficient
evidence [38-40].

Per Jankelson and colleagues’ study, the use of nebulized
morphine for dyspnea in COPD patients is not supported [41].
Nebulized morphine 20 and 40 mg per 5mL of were compared with
normal saline in 16 patients with COPD. Post nebulization with each
group, a 6-minute walk test was performed, then repeated one hour
later to measure arterial oxygen saturation, modified Borg score
(Table 2). There was no difference between either doses of morphine
versus placebo with the aforementioned measures, nor was there an
improvement in walking distances.

Similarly, another evaluation of 7 studies using nebulized opioids
was not supportive [42]. Two studies only were able to evidence some
benefit. One study involving 11 patients showed improved exercise
capacity; however, this effect was not reproducible on a larger scale.
Another study in this systematic review involving 54 patients, showed
benefit in terminal patients; however, this was a retrospective chart
review. It remains to be proven whether the use of nebulized opioids
have a positive effect in a large randomized clinical trial.

Although patients may respond to opioids differently, predicting
a response earlier would be optimal. Factors likely to increase the

Suggested Protocol for Managing
Dyspnea with COPD

Begin immediate release morphine liquid and titrate over a 4 to 6 week
period

Start with 0.5mg by mouth every 24 hours for 2 days, then increase to
0.5mg every four hours while awake for the rest of week 1

if tolerated after week one increase tomorphinel mg by mouth every
4 hours, increasing by 1 mg/week or 25% dosage increments /week
until the lowest effective dose manages the dyspnea

When no significant dose change for 2 weeks is achieved and dyspnea is

managed, consider converting this dose to a sustained release product

If patients experience intolerable side effects, such as nausea or

confusion, change to an equianalgesic dose of hydromorphone

Figure 1: Recommended protocol adapted from Marciniuk D, Goodridge D, Hemandez P, et al. Con Respir J. 2011; 18(2):69-78

Recommended Started Doses of Opioids for Moderate
to Severe Dyspnea in Opioid Naive Patients

Opioid Adult IV Adult Pediatric IV Pediatric Oral Duration
Dose Oral Dose* Dose*
Dose

Morphine 2-10mg 5-10mg  0.1-0.2mg/kg 0.2-0.5mg/kg 3-4 hours
Hydromorphone 0.3-1.5mg  2-4mg 0.015-0.03mg/kg 0.03-0.08mg/kg  3-4 hours
Fentanyl 50-100mcg  NA 1-2mcgl/kg NA 0.5-1 hour

Table 1: Adapted from American Thoracic Society. An Official American Thoracic Society
clinical policy statement: Palliative care for patients with respiratory diseases and critical
illnesses. Am J Respir Crit Care Med. 2008; 177: 912-927.

*Pediatric dosage should not exceed adult corresponding doses and is not applicable to
neonates
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Modified Borg Scale

0 No symptoms

0.5 \ery, very slight sensation of symptoms
1 \ery Slight

2 slight

3 Moderate

4 Somewhat Severe
5 Severe

6

7 Very Severe

8

9 \ery, \ery Severe
10 Maximal

Table 2: Modified Borg Scale from Borg G: Psychophysical bases of perceived exertion. Med Sci Sports Exerc 1982;14:377-381.

probability of opioid responsiveness in COPD patients are those that
have dyspnea strongly correlated with fear and anxiety. Additionally,
opioids have a better response if dyspnea intensity worsens over time,
uncontrolled by pacing and behavioral interventions, and has an
unpredictable onset [43].

Evidence of opioid use for dyspnea in palliative cancer
patients

Dyspnea is a problem frequently encountered in terminally ill
cancer patients, with 49% of patients affected and 20% reporting
breathlessness as moderate to severe [44]. Various estimates suggest
that up to 70% of cancer patients suffered dyspnea during their last
four weeks of life [45]. Most patients with cancer are being treated
with an opioid for pain control, thus recommendations for specific
dosing and titrations to control dyspnea are warranted in this
population.

A study involving 15 dyspneic patients with cancer, found that
subcutaneous doses of morphine 5mg helped with reducing dsypnea
for 2 hours without respiratory rate changes [46]. Another study
evaluating 33 terminally ill cancer patients reported that reduction of
dyspnea and tachypnea for four hours was sufficient in patients who
received 25% of their 4-hourly scheduled opioid dose [47].

Cognitive impairment occurs secondary to increased sedation
when administering more systemic opioids, specifically in cancer
patients whom require higher doses of opioids. Nebulized opioids
may have arole in this target population due to systemic bioavailabilty
of inhaled morphine being 5+3 %, which is less than when orally
administered (24+13 %) [48]. In a cross over study, an attempt
was made to compare subcutaneous morphine versus nebulized
morphine in 11 patients [49]. Patient’s dsypnea was measured on a
0-10 intensity scale (with 10 being the worst possible shortness of
breath). Dyspnea decreased from a median of 5 to 3 after subcutaneous
morphine (P=0.025) and from 4 to 2 after nebulized morphine
(P=0.007); however, this trial was not powered enough to detect a
true difference among the treatment groups. Nonetheless, another
study involving 35 cancer patients assessed patients’ perceptions of
dsypnea, oxygen saturation and respiratory rates post using nebulized
fentanyl 25mcg in 2mL of normal saline [50]. Eighty one percent of
patients reported improvement in breathing. Oxygen saturation
improved from baseline (94.6%) at 5 minutes (96.8%) and at one hour

(96.7%) (P=0.0069) after fentanyl administration. Respiratory rates
also improved after the single nebulization treatment from baseline
of 28.4 breaths/minute to 25.9 after 5 minutes and 24.1 after 1 hour.
This was a single dose study; therefore, it reported no adverse effects
with the treatment.

Most evidence studying refractory dyspnea in cancer patients
involve morphine. A recent systematic review included 13 trials
involving the use of various formulations of fentanyl in dyspnea [51].
Eleven studies were case reports and two studies were randomized
controlled trials. Of the 88 total patients in the systematic review, 69
had lung cancer. All studies except for one randomized controlled
trial were able to demonstrate improvement in dyspnea.

New formulations for breakthrough chronic cancer pain
are emerging, which could also have implications in episodic
breathlessness. Several case reports have demonstrated the benefit of
oral transmucosal fentanyl citrate in rapid relief of dsypnea without
signs of respiratory depression [52,53]. More research is needed
involving these agents to potentially add another route of delivery if
the patient is opioid tolerant.

Evidence of opioid use for dyspnea in palliative chf patients

Congestive heart failure is one of the leading causes of death in the
U.S. with 5.1 million people, half of which will die within 5 years of
diagnosis [54]. Patients can experience symptoms of pain and fatigue;
however, dyspnea is the most common symptom that is estimated to
occur in 88% of patients. Currently, few trials exist that exclusively
evaluate patients with heart failure, given that breathlessness is the
most common symptom [55].

Two trials are single dose trials that are specific to CHF patients.
One of these trials involved dihydrocodeine, which showed
improvement in exercise tolerance, breathlessness, and reduced
exercise ventilation [56]. The second trial involved diamorphine,
which showed improved aerobic exercise capacity [57].

A doubleblind, randomized placebo cross-over pilot trial involving
10 patients with New York Heart Association Class III and IV heart
failure, compared oral morphine 5mg four times daily for four days
with placebo [58]. Sixty percent of patients reported improvement
in breathlessness among the morphine group. Breathlessness was
assessed using a 100mm visual analog scale. The reported median
breathlessness score was reduced by 23mm (P=0.022) by day 2 in the
morphine group and no changes occurred in the placebo group.

The most recent study exclusively in heart failure patients,
conducted by Oxberry and colleagues, assessed for breathlessness
when comparing oral morphine 5mg four times a day, oral oxycodone
2.5mg four times a day, and placebo [55]. Participants rated their
change in breathlessness on an 11 point numerical rating scale.
Thirty-five patients completed all three study arms without showing
any statistical difference. Large randomized controlled trials with
opioids are still warranted in the setting of heart failure, despite these
findings.

Conclusion

Resolving refractory dyspnea completely in both palliative and
terminal stages of COPD, Cancer and CHF may not be possible in
every patient. Meanwhile, the use of opioids may provide relief of
dyspnea when other pharmacological and non-pharmacological
management have been fully implemented. The American College of
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Chest Physicians, the American Thoracic Society and the Canadian
Thoracic Society recommend an individualized approach to the choice
of opioid and initiation/titration of doses for oral and parenteral
routes. Nebulized opioids are not reccommended, nonetheless, further
investigations are needed in large randomized controlled trials.
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